°C for the solution pH of 2, 4, 5, 6, and 8, respectively. 
INTRODUCTION
Today, the increased use of dyes in the textile, paper, rubber, plastics, cosmetics, pharmaceutical and food industries often causes pollution problems in the form of colored wastewater discharged into water environment (1) . Acridine orange (AO) is a nucleic acid selective fluorescent cationic dye which is widely used in the field of printing and dyeing, leather, lithography and biological staining. AO is toxic, cell-permeable, interacts with DNA and RNA, and has photodynamic and mutagenic actions. AO is xenobiotic, visible at parts per million dilutions in aqueous solutions (2) . Recent progress in the wastewater treatment technology has led to intensive development of dyes removal by adsorption onto various agricultural wastes, as a renewable replacement for costly commercially adsorbents such as activated carbon (3) . However, only several investigations have been devoted to the study of AO adsorption onto different adsorbents such as carboxylic functionalized superparamagnetic mesoporous silica microspheres (4), magnetic nanoparticles (5), granular kohlrabi peel (6) , magnetically labeled baker's yeast cells (7) , magnetic charcoal (8) , magnetic nanoparticles (9) , magnetically responsive yeast-based biosorbent (10) , etc. Sugar beet pulp (SBP) is a very cheap (100 US$ per metric tone), abundantly available byproduct of the table sugar industry resulting from the extraction of simple sugars from the sugar beet (Beta vulgaris L.) (11) . On a dry mass basis, it contains 65-80% polysaccharides, consisting roughly of 40% cellulose, 30% hemicelluloses, and 30% pectin (12) . Due to large pores, heterogeneous structure, and the abundant availability of active sites SBP is a highly efficient adsorbent for cations, such as cadmium and led (13) , copper (14) , methylene blue (15) , and less effective adsorbent for anions, such as Gemazol turquoise blue-G (anionic dye) (14) . To our knowledge, this would be first report describing AO removal by adsorption using SBP. Equilibrium isotherm adsorption and kinetic studies were performed in order to explore the effects of initial dye concentration, and solution pH on the rate, kinetics and mechanism of adsorption.
EXPERIMENTAL
Adsorbate. Acridine orange zinkchlorid double salt (chem. formula: C 17 H 20 CIN 3 ·ZnCl 2 ; M = 319.86 g mol −1 , λ max : 490 nm), cationic dye, was purchased from Merck, Germany, and was used as received. The stock solutions of the desired concentrations of AO (20, 30, 40 and 50 mg/l) were prepared with distilled water. The pH value of the solutions was adjusted with 0.1 M NaOH and 0.1 M HCl solution, using a pH meter (Consort C863, Belgium) with a combined pH electrode.
Adsorbent. The pulp was obtained from the TE-TO Senta Sugar Factory, Serbia. The material was extensively washed with distilled water to remove soil and dust, boiled with water for 10 min, filtrated out and dried in an oven at 60 °C up to a constant mass. The dried material was ground on a laboratory mill achieving particle size with diameter less than 250 µm. The prepared material was stored in an airtight container for further use.
Batch adsorption experiments. Batch adsorption experiments were conducted by varying the initial AO concentration (20, 30, 40 and 50 mg/l) and solution pH (2, 4, 5, 6 and 8) . The adsorption studies encompassed the aspects of adsorption isotherms and adsorption kinetics. A fixed amount of the adsorbent (1 g) was poured into a definite volume (100 ml) of dye solution for each examined combination of pH and initial dye concentration in Erlenmeyer flasks. The Erlenmeyer flasks were thermostatated (25 °C) on a rotary shaker (GFL, Germany, Type 3015), at 120 rpm and shaking diameter 30 mm. The adsorption was carried out for 240 min, which was more than sufficient to reach full equilibrium. At the predetermined time, a sample (5 ml) of the mixture was taken and centrifuged for 10 min at 3000 rpm. The supernatant solution was analyzed by measuring the absorbance at λ max = 490 nm using a spectrophotometer (Carl Zeiss, Jena, Germany). The final AO concentration was determined using the constructed calibration curve. The amount of adsorption at time t, q t (mg/g) and at equilibrium, q e (mg/g) was calculated as follows:
where C o and C t and C e are the liquid-phase concentrations of dye at initial moment, at time t, and at equilibrium, respectively; V (l) is the volume of the solution and W (g) is the mass of dry adsorbent used. The dye removal percentage was calculated by: 
RESULTS AND DISCUSSION
From the dependence of the amount of AO adsorbed on SBP (q t ) at a contact time (t) for various process conditions (figures not shown) it was noticed that there are two separated regions, of which the first straight line can be attributed to the macropore diffusion and the second linear portion to the micropore diffusion. For all initial AO concentrations and pH of 4, 5, 6 and 8, the initial adsorption was fairly rapid during the first 15 min, reaching dye removal of 74.2-96.0 %, and then proceeded slowly towards the end of adsorption up to the maximum removal of 93.9-96.7 %. This indicates a very fast adsorption and strong interaction between the dye and the most readily available adsorbing sites on the adsorbent surface. The rapid adsorption of AO on SBP is attributed to the abundant availability of active sites, presence of multiple functional groups and porous structure which provides a large surface area and ready access for cations (13) . Hence, it can be assumed that the adsorption process occurs mainly on the surface of SBP particles. The second phase may be attributed to a very slow diffusion of the adsorbent from the liquid phase to micro-pores. The difference in the values of q t at 60 min and 240 min was very small, probably due to the impossibility of dye molecules to diffuse deeper into the adsorbent structure. The initial AO concentration provides important driving force to overcome the mass transfer limitations of AO between the aqueous solution and solid phase. Thus, a higher initial AO concentration enhances the adsorption process. The adsorption capacity at equilibrium (q e ) increased with an increase in the initial AO concentration from 20 to 50 mg/l under the same operating conditions. On the other hand, at the pH 2, for each examined initial AO concentration, the initial adsorption process was significantly slower, the first phase duration was about 60 min, reaching 57.6-68.7%. Also, the final equilibrium adsorption capacity (q e ) was the lowest at the pH 2. The q e significantly increased as the initial pH increased from the pH 2 to 4. The value of q e was slightly altered beyond the pH 4, and achieved a maximum at the pH 8. Consequently, the final removal was the lowest at the pH 2 (ranging from 60.8% to 70.6 %), sharply increased at the pH 4 (ranging from 93.9 to 94.6 %), and then slightly increased up to the pH 8 (ranging from 96.5 to 96.7%). AO exists in the aqueous solution in the form of positively charged ions, and consequently, the degree of its adsorption on the adsorbent surface is primarily influenced by the surface charge on the adsorbent. At the pH>8, most probably AO is not any more completely protonated, therefore no ionic interactions between the AO and the adsorbent can occur. The surface charge on the adsorbent is in turn influenced by the solution pH. The SBP is dominated by negatively charged sites that are mostly carboxylated groups with some weaker acidic groups (15) . The overall surface of SBP at the pH 2 is surrounded by hydronium ions and become increasingly less negative, which decreases the interaction of dye cations with binding sites of SBP by greater repulsive forces, and reduces the attraction of positively charged ions of dye. At the pH values higher than 4, the carboxyl groups of SBP are deprotonated and negatively charged. Therefore, the maximal adsorption level is reached when the carboxyl functional groups of SBP are deprotonated and neutralized, probably via the electrostatic interaction with positively charged AO molecules. These results are also in accordance with the results of previous studies (13) (14) (15) The adsorption isotherm models were used to describe the interaction between the solution and adsorbent, and the values of the constant, to express the surface properties and determine the maximum adsorption capacity of dried SBP to bind AO. The equilibrium data were analyzed by the linear regression analysis to fit the isotherm models (Table 2) given by Freundlich (16), Langmuir (17) and Temkin (18) . The value of the determination coefficient (R 2 ) closer to 1 indicates that the respective equation fits better the experimental data. The linear form of adsorption isotherms equations, the obtained values of relevant parameters, along with the determination coefficients are shown in Table 1 . The Freundlich isotherm model is the earliest known empirical equation, and is shown to be consistent with the exponential distribution of active centers and characteristic for heterogeneous adsorbent surfaces. K f and n are the Freudlich constants, which are the indicators of adsorption capacity and adsorption intensity, respectively (16) . As shown in Table 1 , the K f value increases with the increase of the solution pH, indicating relatively easy uptake of AO from the aqueous solution with a high adsorption capacity of SBP. In general, the value of 1/n ranges between 0 and 1, and indicates the degree of non-linearity between solution concentration and adsorption as follows: if the value of 1/n is equal to unity, the adsorption is linear; if the value is below unity, this implies that the adsorption process is chemical and indicates a normal Langmuir isotherm; if the value is above unity, the adsorption is a favorable physical process. The more heterogeneous the surface, the closer 1/n value is to 0 (19) . The obtained values of 1/n for the pH 4-8 were in the range 0.906-0.989 (g -1 ), indicating linear chemical adsorption. Also, the obtained 1/n values were not close to 0, confirming that the surface of SBP is dominated by homogeneous and negative charge with a small heterogeneity. At the pH of 2, the 1/n value was significantly lower (0.652), which confirms that the surface charge of SBP was strongly affected by the presence of hydronium ions. The Freundlich isotherm model gave a good fit (the R 2 ranged from 0.978 to 1.000) to the adsorption data of AO on SBP. The Langmuir isotherm model is based on the assumption of the existence of a monolayer adsorption onto a completely homogeneous surface with a finite number of identical sites and with negligible interaction between the adsorbed molecules. The quantities q m (mg/g) and K a (l/mg) are the Langmuir constants related to the maximum adsorption capacity and bonding energy of adsorption, respectively. The constant q m represents the limiting capacity when the adsorbent surface is fully covered with dye, particularly in the cases when the adsorbent did not reach its full saturation in the experiment (17) . As shown in Table 1 , the obtained q m values were 5.37, 34.6, 89.62, 144.53 and 324.58 mg/g for the solution pH of 2, 4, 5, 6, and 8, respectively. Therefore, it can be concluded that the adsorption was strongly affected by the solution pH. The Langmuir isotherm model yielded the best fit compared to the other two models, especially at the pH value 4-8 (R 2 =0.993-1.000). On the basis of the obtained q m values it was found that SBP is one of the most promising low-cost, abundantly available and highly efficient adsorbents for the removal of AO from aqueous solution in comparison to other adsorbents reported in the literature (5 -10) . The main characteristic of the Langmuir isotherm can be expressed in terms of a dimensionless separation factor called equilibrium parameter R L (20) , defined by:
, where R L is a dimensionless separation factor, C o (mg/l) is the initial AO dye concentration and K a (l/mg) is the Langmuir constant. The value of the parameter R L indicates the shape of isotherm to be either unfavorable (
. The values of separation factor R L obtained in this work were in the range between 0.252 and 0.847, indicating that the adsorption of AO onto SBP was favorable for the variety of examined process conditions. The Temkin isotherm model was studied to explore the energy distribution. The Temkin isotherm contains a factor that explicitly takes into account the interactions between the adsorbing species and the adsorbent. The isotherm constant B=RT/b (J/mol) is related to heat of sorption, R is the gas constant (8.314 J/ mol·K), T (K) is the absolute temperature, b and K t (l/g) are the Temkin isotherm constants (18) . The Temkin equation was found to be poor to fit the experimental adsorption equilibrium data (the R 2 ranged from 0,950-0.984). The experimental data yielded excellent fits within the following isotherm order: Langmuir > Freundlich > Temkin. The results showed that the pH value is the key variable, affecting strongly the adsorption capacity of SBP for AO.
The simplified linear form of pseudo-first order kinetic model (21), pseudo-second order kinetic model (22) , and intraparticle diffusion model (23) were applied to test the experimental data in order to describe the dynamics and mechanism of AO adsorption on SBP ( Table 2 ). The k 1 (min -1 ) is the adsorption rate constant of the pseudo-first-order equation, k 2 (mg/g·min) is the rate constant of the pseudo-second-order equation), while k i i s the intraparticle diffusion rate constant.
Table 2
Parameters of the kinetic models, equilibrium amount and linear determination coefficient for the removal of AO with SBP at 25 °C.
The adsorption of liquid/solid system based on solid capacity which proceeds by diffusion through a boundary, most likely follows the pseudo-first-order equation. The pseudo-second-order kinetic model is used to describe the chemisorption processes. From the obtained values of the squared correlation coefficients (R 2 ) it is obvious that the adsorption of AO onto SBP closely follows a pseudo-second-order kinetics (R 2 =0.974-1.000), and that chemisorption is definitely the rate controlling step. On the other hand, although the R 2 values are reasonably high in some cases, and the calculated q e values obtained from pseudo first-order and intraparticle diffusion model agree well with the experimental data, it can be generally said that these models were not appropriate for description of the AO adsorption onto SBP.
CONCLUSION
This work clearly indicates that the adsorption of AO on dried SBP is a simple and highly efficient method for the removal of AO from aqueous solutions, and that it may be used for treatment of the wastewater that is difficult to deal with using chemical and biological methods. The adsorption process closely follows the pseudo-second-order kinetic model, while rate controlling step is chemisorption. The maximum Langmuir monolayer adsorption capacity of SBP for AO was found to be 324.58 mg/g for the solution pH 8.
